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SUMMARY 


The object of this project was te design, construct, 
and install in the @as Turbine Leboratory a test 
model for the study of flow in noszles, This object 
was achieved ami the model is now ready for test work. 


This thesis includes a discussion of problems solved 
in the design, a complete description of the model, 
and a discussion of procedures to be used and results 
to be expected when the apparatus is used in testa. 
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plem. The od ject of this thesis was 
to design, construct, install, ani test 1f possible, in the 
limited time available, a nozzle cascade notel in the Variable 
Density “ind Tunnel in the Gas Turbine Laboratory. 

The besic nesale easeade was furnished by the General Electric 


Companyg the blade sections are double soale reproductions of 
some in current use in large turbines. Around this basie 
blade a model was designed to incorporate the necessary fesa- 
tures for conducting a complete pressure survey through the 
nozzle passage and in the exit plane of the cascade, The 
model is also equipped with optical flets mounted on each 
side wall for use with the interferometer in making a survey 
of density gradients and general flow pattern to study the - 
boundary layer. 

The installation will permit tests to be made at either a 
constant Mach Number or a constant Keynolds' Number, and the 
effects of each scan be isolated. It is expected that over- 
all Mach Numbers from 0.5% to 0.95 and Neynolds' thesbers from 
10,000 to 300,000 will be obtained. This should cive a 
number of interferometer vend snifts ranging from 1 to 50. 
The desicn was completed under the dtrection and with the 
assistance of tir, lians Kraft of the General Electric Company 
and Professor E. 5, Taylor of the Aeronautical Eneineering 
Department, The General Zlectric Company manufactured the 
model, ‘The necessary large piping for the wind tunnel was 
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mamufactured by a local contractor, and the optical 

flate were furnished by Perkin-Elmer Corporation of 
Glenbrook, Cormecticut. The installation was completed 
with the able assistance of the Gas Turbine Laboratory 
personnel. 

Due to the dolays and difficulties encountered in the 
manufecture and installation of the various components 
time @1d not permit more than part of the preliminary test- 
ing of the model, The installation was checked thorouchly 
for leaks and for proper functioning of all components. 

The installation is now ready for the tests for which it 
was desicned, and preliminary runs indicate that the de- 
sign is satisfactory. | 

To, Historical Backcround, A considerable amount of teste 
ing has been done by the General Electric Company on the 
blades used in this cascade and some curious flow effects 
have been noted, Losses in efficiency accompanied these 
effects. The facilitios available at the time did net 
allow a complete separation of the effects of Mach Simaber 
and Reynolds’ Number, In order to investigate the problem 
more thorouchly, it was sugeested that an interferometer 
He used in comection with a variable density wind tunnel 
ami the lassachusetts Institute of Technolory was asked to — 
continue the study, 


Ie. Proposed Scope of Investication, It was intended thet 
teats be conducted for the eventual determination of the 
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nogzle efficiencies at several values of Mach Number and 
Reynolds! Number, indicating their relative effects, In 
addition, the interferometer was to be used to supplement 
the above information ami to permit a study of the nozzle 
flow with perticular regard for the boundary layer. 
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TI Besta oni Deseription of 
Test Model 


Tle. Design of Models The first step taken toward the 


design of the model was the construction of Figure ‘a', 
A characteristic length of 1/2 inch, based on the width 
of the nozzle throat«, was used in the computation of 
Reynolds’ Number for various pressure ratios, Using the 
equation lees Appendix) given by Gilbert M, Sdelman in 
his thesis entitled "The Design Development and Testing 
of TwoeDimensional Sharp Cornered Supersonic Noszles" 
the number of oxpected interferogran pand shifts were 
computed for various pressure ratios ax pressurede 
These results were plotted as shown in Figure TAY and 


provide e picture of the areas to be covered, 


It was required by the sponsor, Jeneral Electric Company, 
that the cascade section be composed of blades supplied 
by them. The nozzle throats were also established as 
1/2 inch wide, Due to space limitations in the throat 
of the interferometer and aleo due to the desirability 
of decreasing as much as possible the side wall effects 
by using a large model width, it was decided that a 6= 
ineh biade lencth was the best compromise, It was also 
desirable to include as many passages as possible to 
nullify end wall effects, but the available air supply 
limited this dimension, 4n odd number of passages was 
necessary to insure equal ond wall effects on the middle 
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passage which was to be subjected to the investications 
Usine the basic equation shown on the chart, Figure ‘pt 

was constructed showing the compressor capabilities; 

data for this curve was supplied by the Gas Turbine Labora- 
tory. With this chert it _ decided that 7 passages with 
a total throat area of 21 square inches Would be used, 


Provision hac to be made for mounting the optical flats 
through which the interferometer exposures would be mad@. 
fhe sponsor desired a large field of view wiich was to 
include a complete nozzle passage. After due considera- 
tion of mounting problems, area coverage, pressure tap 
leads, and blade supports the windows were located as 
shown in Figures 'H' and 'I', Soles were drilled in the 
windows to admit supvorts for the blades, but clearances 
are provided and no side loads are taken by the glass. 


It was important that provision be made for taking a 
pressure traverse across the nozsle exits. This was 
accemplished by dealgning the airtight slide and sliding 
tube assembly shown in Figure "Kee This assembly permits 
a traverse to be made covering the whole cascade exit area 
in a plane 0.3 inches behind the blade trailing edges. 

The sponsor desicneted the location of the static pressure 
orifiess in the sides of the middle nozzle. These «are 
shown in Pigures '0' through 1G) and Fisures 'a!, 'R*, 


and 's', The pressure tubes are carried out through the 
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sides of the model, through the blade suposorts, 


The blueprints from which the model was manufactured are 
on file in the Gas Turbine Laboratory office. 


ile _Deseription of Hedel. The model 1s shown complete 


in Picures "I" through ‘mM’, The model casing is made 

of 3/8 inch steel plate and is almost entirely bolted toe 
gether for ease in disassexbly. All meeting surfaces have 
been eround ami the necessity for using sealant in these | 
joints is obviated, The interior surfece of the casing 
has 4 ground finish and sreat care has been taken ve make 
the entire model a precision instrument, 


The basic conformation includes the two side plates which 
provide a location for the glass windows, ‘These side 
Plates may be moved one blade spacing by adding or remov- 
ing the spacer shown immediately ahead of the exit flance 
in Fi ure 'H', This relocation of the rides permits en 
interferometer study of the nozzle following the one of 
primary interest. In addition, an extra side has been 
provided for the right side of the model to permit the req 
quired exit plane traverse to be made. ‘This side is shown 
in Figure 'K!, 

The optical flats which «ive a clear area of 6 inch dianeter 
eve located on elther side of the nozzles to be studied, 
These flats were cround to the same Gegree of accuracy, 
1/20 of a wavelencth of viclet light as were those used in 
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the interferometer. Two holes for the blade supports are 
located in each window, ‘hese windows sre so mounted, 
seated in lead, that no interruption of flow will occur 

at their edves, 4.e, the interior wall is perfectly smooth. 


The blade supports projecting through the windows are further 
supported by arms projecting from the window mounting rings. 
This is disadvantageous because it decreases the field of 
view but no other completely setisfactory solution could 

be devised, ‘The blade supports are not in contact with 

the glass and the windows therefore support no load with 

the exception of the air load ous to their oxposed areas 
whieh they will carry with no recognizable distortion. 


Statice pressure orifices are located in both blades bor- 
dering the middle nozzle passage and have been discussed 
in the preceding subsection. 


Yicure 'K! shows the third elde in place and also shows 
how the preceare traverse is made. A keyed slide has be@n 
incorporated into this side plate and this slide in turn 
holds a slidins tube whieh may also be rotated 360°, The 
impact head is fixed to the end of this tube. The slide 
permits travel in the direction of flow, the tube permits, 
travel across the caseade section, ani the rotation of the 


tube permits the determination of flow directions 


An access plate is located in the top of the model, This 
plate is intended to permit access to the interior of the 
model without disturbing the critical mounting of the opti- 


eal flats, & 
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Ail__Insteliation 


The model was designed such that it would replace an 

| elbow in the 24 inch steel pipe forming the Variable 
Density Wind Tunnel circult. Short lencths of pipe 

were used as spacers to raise the sodel to an averaze 
height of eye. Due to the limited interferometer throat 
width 1t was found necessary to construct s rectangular 
section to replace the large pipe directly under the model. 
This required a decrease in flow area and possibly will 
have a deleterious effect upon the boundary leyer in the 
model inlet. The installation is shown in Figures '0!' and 
tnt, | 

The air screen shown in Ficure 'P' was designed to stop 
all rotational flow and to break up all large scale turbu- 
lence in the flow before it reached the model, The sereen 
is composed of approximately 50 aluminum tubes, 2 1/2 inch 
0.D. and 25 inches long. A lé mesh sereen covers both the 
inlet and outlet of the air sereen,. A large mesh expanded 
metal screen is used at coach emi to insure that the tubes 
will remain in place. The assembly is installed in the 

) tunnel cirenit approximately § 1/2 feet shead of the model 
entrance, the flange on the air screen being clamped betwoen 
the two pipe flange faces shown close to the floor in 
Pigures 'N' and '0', 


A sharp edged orifice with « pressure tap on each side is 
located in the tunnel circuit, permitting an accurate de- 
termination of mass flow to be made, This orifice will not 


effect flow in the model, J 
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A thermocouple is installed in the large pipe leading 
into the test assembly. With the installation of a total 
pressure tube In the same senernal Location the complete 

| determinatiom of entrance ecnditions may be made, A 
static pressure orifice Located in the diffuser section 
of the model will, in conjunction wlth the total pressure 
tube aliead, permit the caleulation of the ‘overall Zach 
Sumber’ of the flow, | 


All pressure orifices and tapas were connected to a bank of 
meroury manometers by means of plastic ‘stripper! tubine. 

A total of 2) manometers ls required for the necessery pres- 
gure readings, end others will be needed for atmosphere 
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IV__Discussion 


Ysing the variable density wind tunnel and the interferometer 
a steady atate, compressible, two-dimensional flow will 

be oxaained,” Flow through the model is considered to 

vary directly ae tecperature an’ any effects of bourmlary 
layer cheed, 1.¢., upateam of the model, are considered 


negligible, 


In order to analyse the reaults most effectively it is dee 
airable to make the teat run in such 4 manner that the efe- 
feet of “Yach Number can be distinesished from thet of Rey- 
nolde' Huser. To do this, Mach Number will be held cone 


stant of « eiven run and Revnolde’ Sumber will be varied, 


The Mech Number used is the ‘over-all! or theoretical Mach 
Number at the exit whieh is computed from the average static 
pressure in the exit passage and the total pressure ahead of 
the nozzle, This ia an isentrosisally computed Bach Sumber 
when the lose in total oressure in the nossile due to frice 
tion is neglected, By neslecting this losa which varies 
with Heynolds! Sumber, slight variations in the actual, 

Mach Number are cernitted oven shen the pressure ratio is 
held constent. These are considered mmall and ere neglected 
because the variation in nozale efficleney ia not large. 

The overall Hach Number is to vary from 0,3 to 0,95 approxi- 


mately. 


The velocity distribution in the actus] flow through a 


noszle passage will vary across any section perpendiculer 
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to the averave flow direction. This means that local 

Hach Numbers may exist which are Leorger than the average 

Mach Number * that nozzle aection. Therefore, ones of the 
first thins that ahould be done is to make a survey by 
means of the statte preseure holes at various pressure 
ratios to determine the local Mach “wabere along the blade 
surface, When the local dash Mumber reaches a value of 1,1 
or 1,2 this shoulé be coneidered the limiting pressure ratio, 
Any further increase in the local Mach Number would mean a 
comparitively serious less in nozele efficiency due to shocks 


occuring in the flow, 


The other variable, Reynolds! dumber, is varied by chaning 
the static pressure in the tunnel, The temperature at the 
nos7l¢ entrance is considered constant and is maintained so 
“with the help of the thermocouple, upstrems from the model, 
and cooler at the compressor, The characteristic length 
is the nozrle throat which in this nozzle is 0.5 inohess 


One of the principal ohjects of this investigation 1s to 
snow the effect on nozzle efficiency of the two variables, 
Reynolic' Number and Mach Humber, Since the nozzle is con 
' sidered adiabatic the loss in efficiensy is due to friction 
forces betwoen the fluid and the contact surfases, and also 
frietion in the fluid itself, fficteney is caleulated 

_ £vom the lovs in total pressure through the nozzle, where 
this loss represents a tranafer of kinetio energy to heat 
energy es a result of friction, 
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Thinking of an actual test rum at « given Mach Number 
and Reynolds! Number end then considering the values of 
impact pressure recorded on the traverse at the exit, 

the total pressures vary over the nozcle exit area, Tho 
loss in total pressure will be largest near the solid sur- 
faces which make up the nozrles' boundaries, where, of 
course, the boundary layers occur, The total pressure 
for the flow in the norzle's central core will show a 
nearly isentropic chance with the loss in total pressure 
increasins rapidly as we approach a solid surface. In 
arder to compute ‘nozzle efficiency’ we must integrate 
all the various efficiencies occurring in one nozsle pas-« 
sage, and thio integrated efficiency then becomes the 


‘nozele efficiency! for that perticular ran. 


As indicated, the efficiency in the nozzle very nearly 
approaches the isentropic case except near the boundary 
layers, Therefore it becomes important to determine from 
test data as much about the boumiary layer as possible 

ami in particular to know the separate effecta of Mach 
Number and Reynolds! Number on the transition from laminer 
to turbulent flow in the boundary layer. From literature, 
on the subject of tranaition, it can be said that transition 
occurs vhen the Reynolds! Number reaches a critical value. 
The actual value of the critical. Reynolds! Number depends 

en the turbulence in the main stream, roughness of the sur- 
face, shape of the leading edge, etc, The pressure gradient 
found with an accelerating flow retards transition, Finally, 


centrifugel force seems to heve o strone influence on when 
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transition OecUrss In flow around e curved path such as 
that presented in this model tronzition to turbulent flow 
should oseur on the conenve side first. A brief explena- 
ton of thisecernters about the fact that the particles 

on the outeide of the boundary layer ere moving faster and 
coneecuent!y have more centrifugal force acting on them 

. then the particles in a layer closer to the concave surface, 
Thus, the particles on the outside tend to be thrown into 
the well thereby disturbing the flow, tending to set up 
vortices, and establishing turbulent flow et fairly low 
Reynolds! Numbers, On the convex side more or less the 
opposite is true, since perticles with too much centrifugal 
force are thrown into the ont stream ang do not disturb 


the louiner leyer next to the wall. 


According to 8, Goldetein in his recent book cn Fluid Dynem- 
4os the shearin: stress at the wurface of 4 flat plate de- 
_@reases downstream in a fully laminar regions It also de- 
creases in the seme way in & fully turbulent region, but 

in the region of transition from lariner to turbulent flow 
the sheearine stress increases until the transition is com- 
plete, Also 1t should be noted thet transition does not 
occur instantaneously but rather requires a finite distance 
tions the body's eurface, In ceneral thie same information 
ig available in the well known curves of frietion or fristion 
drag of a body moving through a fluta medium clotted against 
Reynolds! Humber. These latter curves show friction decreasing 
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ae Reynolds! Sumber inorsuses im beth the laminar and 
turbulent regions, but the turbalvnt curve lies above 
the laminer one, so that in order te get to it from the 
laminar one the friction must increase during the period 


at transition, 


Pron this knowledge of the boundary layer and friction 

im the boumlary lwyor it Le possible to indloate the type 
of curve whlch would be expected if one plots nozzle ef- 
ficiency versus the lowaritha of Reynolds’ Number, This 


curve is as follows: 


Loe Keynotes Number. 


In the section fron "6" to "1" laminar flow would ba exe 
pected on Beth the convex and coneave sides of the nossle. 
ag “i" transition to turbulent flow on the concave side 
eocurs, At "2" trensition oceure on the convex side and 
past *2" turbolent flow exiets on both sides of the nozzle, 
‘The slope of the curve tends to decrease as Heynolds! ume 
ber increasos, This is due to the nature of the friction 
versus leynolds! Nusber curves. ‘The side walls have not 
been considered in describing this ideal curve, Boundary 
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layer on the side walls will affect nozzle efficiency and 
may serve to complicate a curve drawn from test data. 
From curves similar to this previously drawn by the 
General flectric Company it is known that ditficulty may 
be expected in determining and accurately plotting around 


the transition points, 


In using the interferometer to messure the density credients 
in the nozcle a steady stato flow must first be reached, 
When the interferometer picture is interpreted, it must be 
berne in mind that the absolute densities and the density 
gredients are both integrated values taken across the 
depth of the victure, 1.9., taken between the two side 
walls, This means that the density gradients existing 
next to the side walls will be 2uperimpoced oa the den- 
sity gredients existing in the maddie, and as a reault 

the true density st a pertioular point eannot be defi- 
nitely established, | It is hoped, however, that the inter-. 
ferometer will supply valuable information, partleularly 
in regard to the boundary leyer on the blade contours, 
Static pressure readines ean be taken at the twenty-four 
pressure tans at the same time the picture is taken and | 
they will undoubtedly help in evaluating the density gra- 


Gients on the interferometer picture, 


The exit flow from the noseles may algo be studied using 


the interferometer. 
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fhe treverse is mede at the nosslas' exit with « total 
head tube of 0,256 inches outside diemeter and it has 
been noticed jn the runs made to check the apparatus 

that the interference of the flow past this tube is suf- 
ficient to cause Pestuations in the static pressure 
readings along the noszle walla. These fluctuations ap- 
pear pronounced by the first indication, but whether they 
ere serious enoug to necessitate a reduction in the tube 


diameter is not mown yet. 


fhe actual flow in the nozzle can ve expected to pile up 
towards the outside of the turn. This will cause the 
pressure to increase Lesaliy on the concave side of the 
blades. The velocity vectors will be reduced in magni- 
tude from the average velocity and they will be inelined 
towards the concave side, This inclination of the velocity 
from the streamline direction carries over to tne exit and 
Le sometimes ealled "angle exaggeration” in the literature. 
These resarks are based on theoretical predictions, but 
early test results bear out this “angle exaggeration” at 


the exits 
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The primery accomplishment of this project wes the design, 

construction, end installation of the model end ite asso- 

elated accessories, The oroject was undertaken with the 

understanding that as much as nessible would be done, in 

the limited time avallable, toward tne objectives of the 

sponsor, These objectives were to design, build, install 
A? 
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and test the nozzle partitions for the eventual determina-e 
‘tion of noszle efflelency es « function of both Reynolds' 


Mumber and ligeh Number, an? to use the Interferometer to 
study therouchly the effect of these variables on the 
general flow pattern and in particuler the boundery layer. 
The totel pro jest will probably consume about tro more years 
to complete. [It is regretted that the delays encountered 
prevented catting a good start on the actual testing of 

the model, Althowch the authors and sponsor feel that 

a major stride has been sceumplished it would be a matter 
of personal satisfaction to have been able to work with 

the fruits of the labor, At amy rate the model is now 


ready for testing. 
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Ar PENDIX 


(A) BALCULATION OF REYNOLDS NUMBER 


Xx 
= ra ee y Obs JE: uh x FA/ VIZ 
RT,” 


« Reynolds number 

= density at nozzle exit 
velocity at nozzle exit 

* speed o! scund at nozzle exit 


= nozzle throat width = 6,5 inch 


Shr aE 
a 


= viscosity of air = 12 x 107° 10/rt sec. 


A, = speed of sound where T, = 520°R 

T, = total temperature at entrance = 520° 

"s = total pressure at entrance 

M Mach number eat exit 

R # universal cas constant = 53.3 ft 1b/ib°R | 


Ps = density of air correspondins to Pp. ard So 

P # gtatic pressure at exit 

Table 30 of “Gas Tebles” by Keenan and Kaye will be used, 

For minimum Res P, = 1,0 psla, P/?, = .939 | 

Re = Bhp x 956386 x .30 x 98232 x 4¢24, x 200 x 49,1 
5.730 


For maximum Reg P, = 29.4 pela, P/? = 56 


Re = 29,4 x 144 10° 
x 1120 x x «95 x .66 x ,847 
63.5 x S26 Cane 
# 345,000 
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is here considered constant, Actually the temperature at 
the exit will vary and therefore v% will vary with the temperature. 
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L 
E = (Reunngi > (x! IN ” | “ 
€ = fringe shift in band widths 


7 = alr density ahead of nozzle = 


Ve « air density at point being evaluated 
L 


light path length = 6 inches | 
= wave length of light in a vacuum 


= 5461 A° = ,215 x 107% inches (mercury creen light) 


aoa specific refractivity = ,0086380 ft*/lb 


for derivation of this equation see thesis by John L. Norton Iii 
entitled “Design of A Math Type Optical Interferometer for 
| measurement of Density in Supersonie Wind Tummel" on file at 
m i, T. 
Por minimum Band shifts (P/?, = .95; 2, = 1.0 psa) 


Ke 1 7 20082 1v/rt* 
i = .9563 (,0052) 1»b/rt® 


& = 2.87 x 6 x 104 Sire = .230 
10% .218 10 


P 

For maximum number band shifts, = = 50g P, = 29.4 

. @ 
TF tee 21530 1b/ft 
fx = ,.649 x 3550 10/ft® = .0903 

a 
E€ = 52:87, 6 x 10 = 36.58 54.4 
1” ——i‘«Cw@ GS 108 
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In using the interferometer two interferograns are made, 

One is made at ne-fies conditions the other is made at the 
flow condition tn question, By superimposing one on top of 
the other on @ light table the band shifts, € , at any point 
ean be evaluated, and if the abaolute density at some point 
in the interferogran is known, the absolute density et all 
points can be computed using equation *A", 
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APPENDIX | 


GC. DETERMINATION OF CURVES OF CONSTANT MACH NUMBERS OW A 
CHART OF NOZZLE EPPICTURCY VS REYNOLDS NUMEERS 


The efficiency of the nozzle is defined as the ratio of 
the kinetic energy of the stream leaving the nozzle to the 
kinetic energy of a hypothetical stream leaving a reversible 
adiabatic nozgle which is supplied with the same kind of fluid 
in the same state and at the same velocity and which exhausts 
to the same pressure as the real nozzle. 

The actual and thepretical kinetic energies of the stream 
leaving the nozzles are found by means of the impact pressures 
at the nozzle entrance and exit and the noztle exhaust pressure, 
In accordance with the definition, the following proeedure out- 
lines the method of detersining the nezsle efficiency for one 


point in the nozzle exit traverse, 


= Tos - T2s 
To. - Tak 


_* 
* <a : 
T: 


The nogzle is considered to be adiabatic and therefore T,, equals 
Tor Entering the "One Dimensional Isentropic Compresaible Flow 


Functions" table of Keenan-Xaye Gas Tables with the pressure 
ratios of static pressure at nozzle exit over total inlet pres- 

sg 
sure = and total exit pressure = » the tenperature ratios re- 
. ou oR 
quired for the determinstion of efficiency can be found, 
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| During any one run, i.e., for any set Nach number and 
Reynolds number several total pressure readings must be ree 
eorded and the location of the point of each reading noted as 
the piteh Alstance is traversed, The efficiency for each point 


at which a pressure was recorded may then be computed, These 
point efficiencies ora then be plotted on a gsreph of efficlency 
vs, Gistence siong pitch line, The area under this curve di- 
vided by the pitch is then the integrated nozzle efficiency 
for that run, This then establishes one point on the chart 
of nozzle efficiency vs. Reynolds muamber, Since one of the 
objectives of the project is to obtain results which will 
| allow one to differentiate between the effects of Mach member 
| and Reynolds mumber , it is necessary to make several runs 
| similar to the ons described above, but at different Reynolds 
mumbers, while holding iiach number at: the seme value. ‘The 
| results of these tests may then be plotted and a curve faired 
| through the points, This now represents a curve of constant 
| Wach number plotted on a chart of nozzle ee VS. 
| Reynolds number. Repeating the procedure for several values 
of Mach number will yield « family of curves from which the 
seperate effects of Wach number and Reynolds number upon 
nozzle efficiency may readily be determined, 
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All rune were made at @ pressure ratio of .803; 


Mo* .89. This value was set arbitrarily. 
. 
pobstie exit . gos 
totel shead 


Statice pressure in the rectenguler box ehead of the 
model varied from 9.14, peia to 15.14 pela. This does 
not represent the full range of the tunnei. Two more 
@jestors could have been cut in to further reduce the 
tunnel pressure. The upper limit wes governed by the 
limite of the mereury senometer board. The difference 
in reedings of total pressure chead (with the pitot 
static tube) and total pressure behind (with the traverse) 
is quite small end @ mercury sanometer is not accurete 
enough for this purpose. The traverse woes nede ot the 
eenterline position, 1.e., half wey between the two 
side walla. leven positions of the traverse were used 
to cover the exit plane of the middle nozale. 

The exit flow engle is approximately is’. The 
troeverse is set 0.35 inches from the nozzle exit plane. 
Therefore, by simple caleuletion it can ee shown that 
the traverse will be about i.3 inches from a position 
directly over the tralling edge before the lows in total 
pressure of the flow next to the blade surface will be 
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indicated. ‘This is shown on the curve of efficiency ver- 
sue traverse position. It is expected that the effici- 
ency of the middle position of the passage will be nearly 
100%. The aceuracy of these curves could be improved 

by taking more readings near the section where the losses 
are greatest. 

The results are plotted 2s efficiency vs. Heynolds 
number (10g Heynolds number was not used because of the 
small rence of the test) for a constant Mach number of 
59. As expected the curve shows an increase of effici- 
ency with Reynolds number up to an ap arent critical 
value where a dip in the curve shows « decrease in ef- 
ficiency. The exect nature of this dip in the curve is 


uncertein due to the small number of test points in this 


range. 
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TEST DATA 
For Runs made on May 24, 1949 


Position 6.0 OO. 0.2 0.5 O08 8.15 1.5 18 2.1 22 2.3 


oor 511.0 505.5 505.2 505.5 506.2 50605 507.0 507.0 507.5 506.5 509.0 
t 
Total 418.5 413.0 AL2L 412.2 A120 412.7 413.0 413.0 413.5 b1ded 415.2 


Entrance 


— 416.5 412.5 411.8 412.0 416.3 425.8 4150 414.3 414.5 416.0 416.5 


Efficiecy 98.0100 100 100 9505 88.0 9703 9709 96.2 %.l 98.3 
ry 362.0 36305 36308 364.9 364.9 36400 364.00 36400 364.0 364.0 36420 
Total 23302 23308 2300 23309 23308 23309 23309 23309 23309 23509 23h09 
tote 23201 23309 23400 23h00 2hleG 24508 L3ho2 Who2 Zhe3 Zed Zho2 
Efficiency 100 100 100 100 Qe2 9200 998 9908 99.8190 100 
Static 32503 32505 326.0 326.0 326.0 32602 326.3 32603 326.3 326.3 326.3 
retel 185.5 185.7 185.7185.3 185.3 185.3 185.2 185.2 185.1 185.0 185.0 
Entrance 
Total 18503 18505 185eh 185.1 192.8 19702 16501 1Bke9 184.8 184.8 184.8 
wethchunty 100 100 100 100 95.1 92.5100 100 100 100 100 
ow + wee Oe Oe eee Oe eae 8 aw 6 ee 8 eee we 


i’ 29000 29003 290.3 2005 291.2 292.3 292.7 293.5 293.8 293.8 293.6 
Total 139.8 139.5 139.1 138.9 139.7 140.3 140.5 141.0 141.2 141.3 141.3 
tntrance 
"ae 139.8 139.1 139.0 138.8 148.8 143.8 14B.B 141.4 141.6 141.7 141.7 
t 
Bfficiency 100 100 100 10 95.9 98.1 99.4 99-6100 100 100 


esc eeeoeceevovoeaereneervr eee eeerepeevaeeneoeueeve eevee eee 


Position indicates distance in inches behind blade trailing edge. 
Pressures in millimeters of mercury. (Atmos. 126) 
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COL GOL OO COL COLES Lee COL Oat COL Cory 
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Position 9.0 01 0.2 0.5 0.8 1.15 1.5 1.8 2el 2Ze2 202 


ere eae. nl re ee ae oe eee eee 2 ae a ae ee 
Static 268.3 268.5 268.5 268.7 269.269.5.270.0 27000 27009 27000 270.0 
metal 10942 109e2 109.1 109.1 109.0 109.0 109.0 109.0 109.0 109.1 109.1 
—_ 109.9 109.0 109.0 109.0 116.0 121.9 108.8 108.6 108.9 108.9 109.0 
Bffiatency 100 100 100 100 95.4 93.1100 100 100 10 100 
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Static 263.8 26308 263.7 Ab3R08 2658 263.9 26K.9 26he7 Bhhek Whe Zbhok 

, Extitence 

Tetel 193.8 193.8 193.8 103.86 193.7 103.9 103.8 103.8 103.6 103.8 103.8 
hLatrance 

Vetch $9323 19305 193.3 193.3 144.5 116.4 103.0 103.0 103.0 103.1 103.9 


Luit 
Efficiency 100 100 100 100 96.3 92.7100 100 100 100 10 
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INTSRFSROGRAM BAND SHIFTS EXPECTSD FOR VARIOUS 


REYNOLDS' NUMBERS AND PRESSURE RATIOS 
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EXFECT™D PERFORMANOE OF WIND TUNNEL COMPRESSORS 
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FIG. J 


($6) 1067 367 MODEL (DRAWING NO. T-9672723) FOR INTERFEROMETER INVESTIGATION OF TWICE SIZE OF 
BATTLESHIP PARTITION DRAWING NO. K-6915600. 
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FIG. N 


MODEL INSTALLED - SHOWING TRAVERSING ASSEMBLY 
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FIG. O 


MODEL INSTALLED ~- GENERAL ARRANGMENT 
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FIG. S 


LOCATION OF PRESSURE TAPS 
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